Abstract:Congestion is one of the most significant issues which recently experienced by many cities around the world especially in developing countries such as Indonesia since the world undergoes rapid economic and human development. Rappocini district, one of the districts located in Makassar city Indonesia, is currently experiencing massive construction because of this area based on the urban planning of Makassar city associated as a residential zone which may lead to the massive potential congestion. Therefore, this study tries to analyze how population density intervenes level of service of the road. Traffic survey is a method used to collect primary data in the form of classified traffic data (PCU/hour) then analyzed using the 1997 Indonesian Highway Capacity Manual (IHCM) reference and Highway Capacity Manual (HCM) 2016. Regression analysis (SPSS) and spatial (overlay) which is used later to analyze and visualize the correlation between population density and road service level. The result shows that the population density does not cause the level of congestion. However, congestion is influenced by several factors consisted of the number of populations, population density, highway capacity and the daily average of traffic. Population density value does not influence the level of service of the road because Rappocini district is the main gate to access the Makassar city from the south of Sulawesi; therefore, the congestion mostly caused by the commuter from Gowa and TakalarRegency.
Introduction
Increased congestion on urban roads and off-city roads due to improved vehicle ownership, increased economic activity, limited resources for highway construction, and the low operation of existing traffic facilities, are the main problems in Indonesia as are many other countries in the world. One step that is encouraged is by adding capacity, which will require effective methods that are by the characteristics of traffic in Indonesia for design and planning so that the best value for financing is obtained by considering direct costs and safety and environmental impacts [1] .
The development of transportation causes traffic problems in urban areas, including accidents, lack of parking spaces for private vehicles, and traffic congestion [2] . Congestion is a problem in the scope of transportation that is almost faced by all countries in the world. When a state is in the industrial stage where massive infrastructure developments such as the construction of roads and bridges occur, it can have an adverse effect, namely congestion [3] . Congestion increases when the flow is so significant that the vehicles are very close to each other.
Traffic congestion on highways occurs when the traffic flow of vehicles increases with increasing travel demand in each period and the number of road users exceeds the existing capacity [4] . Traffic depends on the capacity of the road, the amount of traffic that wants to move, but if the size of the way cannot accommodate, then the existing traffic will be hampered and will flow according to the maximum road network capacity [5] .According to [6] , stating that congestion can be caused by factors such as the construction of skyscrapers, expansion of road and bridge networks, traffic rules, driver behavior, and population explosion Increased stinging road users are closely related to population explosion, this is because the population will always do mobility at all times, the mobility referred to here is more emphasized in the movement in an effort to improve welfare [7] . Therefore, an increase in population directly can lead to a rise in the need for the use of transportation equipment such as cars, motorbikes. Moreover, can indirectly cause congestion, especially if the existing road capacity is unable to accommodate the increase in the number of vehicles [8] .
The losses incurred because of this congestion problem if quantified in monetary units are enormous, namely losses because the travel time becomes longer and longer, vehicle operating costs become more abundant, and the pollution of vehicles produced increases [9] . In traffic jams the vehicle crawls at a deficient speed, the use of fuel becomes very wasteful, the vehicle's engine wears out faster and the vehicle exhaust produced has a higher concentration content. In conditions of congestion, drivers tend to be impatient which leads to undisciplined actions which ultimately worsen the situation of further congestion [10] .
Spatial analysis is a set of methods for finding and describing the level/pattern of a spatial phenomenon so that it can be better understood [11] . By conducting spatial analysis, new information is expected to emerge which can use as a basis for decision making in the area under study [12] . The methods used are very varied, from visual observation to the use of mathematics/applied statistics [3] . As a method, spatial analysis seeks to assist planners in analyzing the condition of the problem based on data from the target area [4] . Moreover, the concepts that underlie a spatial analysis are distance, direction, and relationships. The combination of the three regarding a region will vary to form a significant difference that distinguishes one location from another [13] . Thus, the distance, direction, and relationship between the Licensed Under Creative Commons Attribution CC BY position of an object in an area with objects in another region will have a clear difference [14] .
Theoretical Framework

Traffic Characteristics
Characteristics of traffic are the result of interactions between the driver, vehicle, and road [15] . Therefore, the traffic characteristics of a highway strongly influenced by driver behavior and the road environment. According to [16] , the traffic characteristics in the road consist of 3 (three) main parameters, namely: 1) Traffic volume Based on [17] , traffic volume defined as the number of vehicles passing points on the road per unit time, expressed in vehicles/hours, PCU/hour. Traffic volume is calculated based on the equation:
2) Traffic speed Speed is the second parameter that describes the characteristics of traffic on the road. Speed defined as the distance traveled by a vehicle on a divided highway with the distance went and usually expressed in units of km/hour. The speed of traffic flow (S) can be calculated using the formula:
3) Traffic Density According to [18] , [19] , traffic density can be defined as the number of vehicles occupying a certain length of road or lane which generally expressed as the number of vehicles per kilometer per lane (if the road section consists of many lanes). Density is the number of vehicles observed divided by the length of the road. The relationship between volume, speed, and density is as follows: k = Traffic density (vehicle/km) q = Number of vehicles on the track (vehicle/hour) s = Traffic speed (km/hour)
Highway Capacity
Road capacity or capacity of a road in a highway system is the maximum number of vehicles that have enough possibilities to pass through the road (in or two directions) in a certain period and with wide road and traffic conditions. While the basic capacity of a highway defined as the capacity of a road that has road characteristics and the nature of the traffic that is considered ideal. Theoretically by assuming a mathematical relationship between density, speed, and current. Capacity stated in Passenger Car Unit (PCU) [17] . The basic equations for determining capacity are as follows: 
Degree of Saturation
The degree of saturation (DS) according to [17] , namely as the ratio of road to capacity, which used as the primary factor in determining the level of performance of intersections and road segments. The DS value indicates whether the road segment has a capacity problem or not. The basic equation for determining the degree of saturation (DS) is as follows: 
Side Barriers
Side barriers according to [17] , [19] , namely side activities that can cause conflict and affect the movement of traffic flow and reduce road performance. There are types of occurrences of side barriers are:  The number of pedestrians walking or crossing along the road segment.  The number of vehicles stopped and parking.  The number of motorized vehicles entering and exiting side roads and side roads.  The slow flow of vehicles, namely the total stream (vehicle/hour) of bicycles, rickshaws, wagon, carts and so on. The level of side barriers is grouped into five classes from low to very high as a function of the frequency of occurrences of side barriers along the observed road segment. Side barriers determined by the number of weighted events per 200 m per hour (two sides). Class of side barriers in this study between medium-high.
Level of Service
Level of service (LOS) is a measure of the quality of traffic flow that occurs on the highway where the driver feels the ease and comfort of driving. There are two definitions of the level of service on the road, namely the level of service depends on the flow and the level of service depends on the facility [20] . The level of service of the road that depends on traffic flow is related to the speed of operation which depends on the comparison between the current and the capacity of the way.According to [21] , there are six service levels related to current ratios with capacities, namely: a) Service Level A is a free flow condition where the value of the current rate with ability ranges from 0.00 -0.20. b) Service level B is a stable current. This level of service is usually used to design inter-city roads. Value The current ratio with capacity for Service Level B usually ranges from 0.21 -0.44. c) The level of service C is the stable current used to design urban roads. The value of the current ratio with capacity for Service Level C ranges from 0.45 -0.74. d) Service Level D means that the starting current is unstable with the value of the current ratio with capacities ranging from 0.75 -0.84. e) Level of Service E is that the present is unbalanced where the gift has stagnated where the value of the current ratio with capacity ranges from 0.85 -1.00. f) Service level F, which is the flow blocked where the vehicle flow has stopped; there are queues and traffic jams. This condition occurs when the value of the current ratio with a capacity exceeds 1.00. The approach used in this study is a mixed quantitativequalitative approach that is in the form of descriptive quantitative-narrative with data collection techniques carried out through primary survey techniques, namely observation or observation of objects and subsequent surveys, through agency surveys and review of documents analyzed quantitatively [22] . The objective of this study is the road network in the District of Rappocini. The variables in this study are 1) Population density; 2) Total population; 3) Road capacity; 4) Daily traffic volume;5) Level of road service (level of service);6) Degree of saturation.
Research Method
Data Collection
Primary data in the study obtained from traffic surveys conducted on 12 main road segments in Rappocini District, Makassar. Data obtained in the form of traffic volume that classified on the road (PCU/hour), side obstacles on the road, vehicle speed, as well as geometric data of the road.
Data Analysis
The stages of data analysis begin with a review of the road capacity and service level of a road that we have examined through reference to Indonesian Highway Capacity Manual (IHCM) 1997 and Highway Capacity Manual (HCM) 2016. Data analysis then used software, namely SPSS for regression analysis and ArcGIS 10.5 for spatial analysis (overlay). The report later described in the form of diagrams, graphs, maps, tables, then statistical data analysis techniques will be used.
Result and Discussion
The attribute data used in the analysis and mapping process consists of population data, population density, and area, while the demographic data of Rappocini District can see in the following Table 1 . The table above shows that the most extensive sub-district in Rappocini Sub-District is Gunung Sari Sub-District, while the smallest Sub-District is BontoMakkio Sub-District, then the village with the most population is Gunung Sari SubDistrict, and the least is BontoMakkio Sub-District, then the sub-district that has the highest population density is Mapala Sub-District and the sub-district which has the lowest population density, Karunrung sub-district. The map of the population density level of Rappocini District can see in Figure 2 . 
Road Density
The attribute data used in the analysis and mapping process consists of average daily traffic volume, road capacity, the degree of road saturation, and level of service. The condition of roads in RappociniDistrict shown in Table 2 Urban areas have regional characteristics with a population that spread evenly. The aspects of urban areas are due to the needs of the city population with different economic strata and realistic patterns compared to the back area, thus giving rise to the level of the urban regions. In urban areas, it has a different level of the area according to its level. There are levels in urban areas, such as the city center, the space between, and the suburbs. Levels of areas that are dense in urban areas generally have varying degrees of traffic density.
Congestion is a condition in which the flow of traffic passing on road sections that reviewed exceeds the capacity of the road plan which results in the free speed of the road segment approaching or exceeding 0 km/hour causing a queue. At the time of congestion, the value of the degree of saturation on the road will be reviewed where congestion will occur if the value of the degree of saturation reaches more than 0.5 [17] , [21] .
If traffic flow is approaching capacity, congestion starts. Congestion increases when the flow is so significant that the vehicles are very close to each other. Total congestion occurs when the vehicle must stop or move very slowly [15] , [16] . Traffic depends on road capacity, the amount of traffic that wants to move, but if the size of the road cannot accommodate, then the existing traffic will be hampered and will flow according to the maximum road network capacity [23] . Traffic jams on highway sections occur when traffic flow of vehicles increases as travel demand increases in each period and the number of roads
PopulationDensity and Road Service Level
The variables that are the emphasis of the review are the level of population density, and the degree of saturation of the road, as for the results of the regression analysis of the value of population density and the degree of saturation of the way can see in Table 3 below. Table 3 shows that the Probability value is 0.150 > 0.05, so it can be concluded that there is no relationship between population density and the level of road services in Rappocini District. Research conducted by [24] , where the results show that the value of population density affects the frequency of the road simultaneously and significantly. Then based on the analysis and field survey, it was found that there was no direct effect of population density on the level of road service in Rappocini Subdistrict, because Rappocini District was one of the Districts in Makassar City which directly borders with Gowa Regency, so commuters. The residents of this commuter are residents who live around Gowa Regency or even Takalar Regency who work in Makassar City, while Rappocini District is the gateway to enter Makassar City from the south and there are two primary arterial roads which are the main link or in other words Rappocini District is the main access point to enter Makassar City, so the cause of the increase in road density around Rappocini District is commuters' mobility that comes to Makassar City, while the value of population density does not have an influence on the level of road service in Rappocini District. The results of the overlay analysis between the amount of population density and the value of the level of road services in the District of Rappocini can see in Figure 3 below. Figure 3 shows that level of service in Rappocini District dominated by type B service levels such as Sultan Alauddin Road, A.P. Pettarani Road, and Hertasning Road, while the most significant type C service level on Aeropala road then types D service level is at Syeh Yusuf, and Jipang roads and type E service levels spread on Yusuf Dg.Ngawing and Emmy Saelan roads. The results of the overlay analysis show that the areas with the highest population density such as Mapala and Rappocini Sub-districts do not have type E road density levels, while type E road density levels are spread mostly in sub-districts with moderate density such as Gunung Sari and Tidung Sub-districts, even spread in the Sub-districts with the lowest population density, namely Karunrung Sub-districts. So that it can be concluded from the results of the regression and overlay analysis that there is no influence of population density values on the level of service level (level of service) in Rappocini District, Makassar City.
Road Density Against Population, Population Density, Road Capacity, and Traffic Flow
It analyzes also tries to look at the effect of road density on other variables such as population, population density, road capacity, and traffic volume. The outcomes of the analysis show a correlation value of 0.952 with a determination coefficient of 90.7%, meaning that other factors outside the variable influence the independent variable authority's 90.7% contribution to the dependent variable and the other 9.3%. Compared with the first analysis, it appears that the second analysis has a high correlation value, so it concluded that several factors influence road density. The results of the study can be seen in Table 4 below. The multiple regression analysis then is proven by the F test (ANOVA), and the probability value that meets the criteria obtained, then the conclusion is that the level of service influenced by several factors such as population density, population, road capacity, and daily traffic average. The results of the statistical test can see in Table 5 below. Based on the results of the analysis show that the probability value is 0.001 <0.05, so it can be concluded that independent variables such as population density, population, road capacity, and average daily traffic significantly affect the level of service in the District Rappocini. The development of commercial buildings that occur in urban areas, especially in Rappocini District, has unwittingly brought a new realism as a gathering place and community activities throughout the day. For example, the construction of shopping centers is an attraction for the community and has become a new choice in meeting the needs of the population today. Everything is in shopping centers starting from primary, secondary and even tertiary needs even though they are available. This phenomenon also indirectly makes shopping centers a favorite place for the community. However, these conditions have a negative impact on traffic, along with the many developments, especially commercial buildings, the movement increases and will have a direct effect on traffic congestion [7] .
Very high movement growth rates that are not likely to be inhibited, while transportation facilities and infrastructure are minimal, resulting in impaired accessibility and mobility [25] . However, no matter how much the cost incurred, congestion remains unavoidable; this is due to the development of the provision of transportation facilities that are so low that they cannot follow them. According to [26] , traffic congestion that occurs in urban areas is caused by an imbalance between the development of the number of vehicles and the construction of road facilities. Then the lack of awareness of road users in using roads, or road users often disobeying regulations or appropriate traffic signs and regional centers that are prone to traffic congestion are generally regions that have the high intensity or concentration of activity centers in a place.
The road network has a vital function, namely as an infrastructure for transferring/transporting people and goods, and is a vein to encourage economic, social, cultural and national stability growth, as well as efforts to distribute and spread development [8] . In a broader dimension, road networks have a significant role in the event of a region, both nationally, provincially, and district/city according to the function of the road network [27] .
Traffic congestion itself is a condition where the volume of traffic is greater than the capacity of the road. Traffic jams usually occur on roads that become the central access to community activities in a city [28] . Increasing population increases the level of activity and will directly increase movement in an area [29] . The increasing number of moves in a city will increase the number of uses of transportation facilities both public and private transportation facilities [30] . The expanding number of means of transportation that are not in line with the increase in transportation infrastructure, such as highways, has increased the volume of traffic unable to be accommodated by the capacity of the road [31] .
The level of population density greatly influences traffic congestion in urban areas because of increasing population, the use of vehicles is growing because they have the desire to obtain comfort, prestige, and lack of representation Mass transportation might encourage economically capable people to buy and use private vehicles, especially four wheels [32] . Imagine if it turns out that the average four-wheeled vehicle in the city turns out to only carry 1-2 people every time it travels, it is inevitable that additional vehicle volume and increased road load [33] .
Conclusion
The decreasing level of road services due to the transfer of traffic from now and in the future, the additional capacity needs to be done by possible methods or methods such as pavement widening, reduction of roadside barriers through restrictions on slow and non-motorized vehicles entering the road segment. Population density does not affect the level of service in RappociniDistrict, and it is precisely the level of service (level of service) influenced significantly by several variables such as population, population density, road capacity, and daily traffic volume. Whereas, population density does not affect the level of service (level of service) because Rappocini District is one of the Districts in Makassar City which is the gateway to entering Makassar City from the south so that commuters from Gowaand Takalar Regency influence the road density. 
